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SUBJECT: Exposure D e c i s i o n s  f o r  a Lunar DATE8 March 3, 1967 
Flyby Contingency Mission - Case 340 

FROM: D .  D .  Lloyd 

TM-67 -1 0 1 2  - 3 

TECHNICAL MEMORANDUM 

INTRClCUCTI ON 

During Lunar O r b i t e r  m i s s i o n  s i m u l a t i o n s  a t  J P L  i n  
J u n e  L 9 6 6 , ' a  number o f  non-nominal e v e n t s  were s i m u l a t e d .  The 
non-nominal o c c u r r e n c e  of a f a i l u r e  t o  i n j e c t  i n t o  l u n a r  
o r b i t  was e x e r c i s e d  under  two c i r c u m s t a n c e s :  (1) where a 
p r o p u l s i o n  f a i l u r e  o c c u r r e d  a t  midcourse ,  and ( 2 )  where a 
f a i l u r e  o c c u r r e d  a t  t h e  s t a r t  o f  i n j e c t i o n .  

been unde r t aken  p r i o r  t o  m i s s i o n  s i m u l a t i o n  and i t  was r e a d i l y  
agreed by  a l l  o p e r a t i o n a l  p e r s o n n e l  t h a t  photography shou ld  be 
a t t e m p t e d  d u r i n g  f l y b y .  However, t h i s  p l a n n i n g  had been i n  
g e n e r a l  terms, i . e . ,  "perform pho tograph ic  f l y b y  m i s s i o n "  
and had n o t  been e x e r c i s e d  i n  terms o f  d e t a i l e d  s p e c i f i c  ope r -  
a t i o n a l  a c t i v i t i e s  and command p r e p a r a t i o n .  The s i m u l a t i o n  
e x e r c i s e  i n d i c a t e d  t h a t  w i thou t  s u c h  d e t a i l e d  p l a n n i n g  i t  was 
n o t  p o s s i b l e  t o  p r e p a r e  and t r a n s m i t  t h e  n e c e s s a r y  commands 
from t h e  SFOF (Space  F l i g h t  O p e r a t i o n s  F a c i l i t y )  t o  t h e  s p a c e c r a f t .  

O r b i t e r  P r o j e c t  O f f i c e  dec ided  t h a t  a d e t a i l e d  p r e p a r a t i o n  o f  
a f l y b y  pho tograph ic  sequence s h o u l d  b e  u n d e r t a k e n .  An optimum 
sequence  of  p h o t o g r a p h i c  o p e r a t i o n s  shou ld  b e  d e t e r m i n e d ,  The 
r e q u i r e d  p h o t o g r a p h i c  o p e r a t i o n a l  sequence would be  c o n v e r t e d  i n t o  
commands. 

Some p l a n n i n g  f o r  such  non-nominal c o n d i t i o n s  had 

* 

A s  a r e s u l t  o f  t h e  s i m u l a t i o n  e x e r c i s e s ,  t h e  Lunar  

C l e a r l y  t h e  a c t u a l  t r a j e c t o r y  data i s  n o t  a v a i l a b l e  
p r i o r  t o  t h e  m i s s i o n .  Fur thermore  t h e  commands t o  b e  s e n t  t o  
t h e  s p a c e c r a f t ,  which i n c l u d e  t h e  t i m e  of  photography and t h e  
magni tude  of  t h e  maneuvers,  must co r re spond  t o  t h e  a c t u a l  
t r a j e c t o r y  c o n d i t i o n s ,  T h e r e f o r e  t h e  a c t u a l  commands t o  b e  
t r a n s m i t t e d  canno t  be f i n a l i z e d  p r i o r  t o  t h e  m i s s i o n ,  
m o d i f i c a t i o n  o f  t h e  commands i s  a minor  a c t i v i t y  compared t o  
d e t e r m i n a t i o n  of  t h e  f l y b y  t a c t i c s  and p r e p a r a t i o n  of t h e  

However, 

* Off-Vominal Miss ion  P o s s i b i l i t i e s  f o r  Lunar O r b i t e r ,  Bellcomm 
TM-65-1012-8, September  1 5 ,  1965, F.  N. Schmidt .  
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commands. It  was, t h e r e f o r e ,  d e c i d e d  t o  p r e p a r e  a d e t a i l e d  
sequence  of  p h o t o g r a p h i c  o p e r a t i o n s  based upon some s p e c i f i c  
t r a j e c t o r y  da ta  f o r  some s p e c i f i c  sun  ( l i g h t i n g )  c o n d i t i o n s .  
Commands would t h e n  be p r e p a r e d  f o r  t hese  c o n d i t i o n s .  
These  commands would t h e n  be mod i f i ed  i n  r e a l  t ime. 

Because one canno t  o u t g u e s s  t h e  a c t u a l  t r a j e c t o r y ,  * 
l tnominalf l  t r a j e c t o r i e s  were chosen  because  of t h e  convenience  
of a v a i l a b l e  data on these.  The f o u r  J u l y  l a u n c h  o p p o r t u n i t i e s  
were used  t o  g e n e r a t e  t h e  n e c e s s a r y  de t a i l ed  t r a j e c t o r y  da ta .  
A d e t e r m i n a t i o n  o f  a sequence of recommended p h o t o g r a p h i c  
o p e r a t i o n s  i s  p r e s e n t e d  below. 

TECHNICAL D I S C U S S I O N  

T r a j e c t o r i e s  Cons idered  

P r o j e c t  O f f i c e  f o r  t h e  f o u r  l aunch  o p p o r t u n i t i e s  of J u l y  1 9 6 6 ,  
(Tab le  1). The data of  Table  1 was used  t o  draw F i g u r e s  1 t h r o u g h  
4 ,  which a re  p l o t s  o f  t h e  t r a j e c t o r i e s  i n  terms o f  p o l a r  
c o o r d i n a t e s ,  F i g u r e  1 cor re sponds  t o  J u l y  1 2 ,  F i g u r e  2 t o  J u l y  1 3  
and s o  f o r t h .  It i s  c l e a r  t h a t  t h e s e  r e p r e s e n t  a broad  v a r i a t i o n  
o f  a l t i t u d e s  and o f  s e c t i o n s  o f  t h e  b a c k s i d e  o f  t h e  moon. These 
a re  c o n s i d e r e d  t o  r e p r e s e n t  a s u f f i c i e n t l y  b road  r a n g e  of 
c o n d i t i o n s  t o  c o v e r  a l l  "nominal" t r a j e c t o r i e s  for a l l  l a u n c h  
d a y s  of a l l  months.  They may n o t  b e  r e p r e s e n t i v e  f o r  non- 
nominal  Atlas-Agena l aunch  v e h i c l e  t r a j e c t o r i e s .  

T r a j e c t o r y  da ta  was p r o v i d e d  by  t h e  Lunar  O r b i t e r  

The o p e r a t i o n a l  d e c i s i o n s  are:  (1) when t o  take p h o t o s ,  
w i t h  t h e  a s s o c i a t e d  d e c i s i o n  of camera marieuvers; and ( 2 )  
t h e  camera s h u t t e r  exposure  t ime.  

A s i m p l e  i n s p e c t i o n  o f  t h e  s i t u a t i o n  i n d i c a t e d  t h a t  i t  
was r e l a t i v e l y  easy t o  o b t a i n  cove rage  of  a l a r g e  p o r t i o n  o f  t h e  
b a c k s i d e  o f  t h e  moon under  many a l t e r n a t i v e  p l a n s .  The de te rmina -  
t i o n  o f  camera maneuvers and exposure  t i m e  t o  o b t a i n  t h e  
h i g h e s t  q u a l i t y  photographs  was, t h e r e f o r e ,  a n a l y z e d  f i r s t .  

D e t e r m i n a t i o n  of Optimum Lens S h u t t e r  Exposure T i m e  

The a t t a c h e d  T a b l e  2 was p r e p a r e d  t o  e n a b l e  e v a l u a t i o n  
of t h e  p r e d i c t e d  pho to  q u a l i t y  unde r  d i f f e r e n t  a l t e r n a t e  d e c i s i o n s .  
Data i s  p r o v i d e d  for each  s h u t t e r  speed f o r  a v a r i a t i o n  o f  phase 
a n g l e  ( g ) .  The r a n g e  o f  phase a n g l e s  between 80" and 40° i s  
c o n s i d e r e d .  Phase  a n g l e s  s m a l l e r  t h a n  40" would r e q u i r e  t h e  s o l a r  
p a n e l s  t o  b e  o f f - sun  more t h a n  30" ( see  F i g u r e  51,  which i s  
i n a d v i s a b l e .  

+l 
Nominal p r i o r  t o  i n j e c t i o n  b u r n .  



BELLCOMM. INC. -3- 

The a n t i c i p a t e d  r e s o l u t i o n  i s  t a b u l a t e d .  I n  con- 
s i d e r i n g  t h e  data p r e s e n t e d  i n  T a b l e  2 ,  f o r  d e r i v a t i o n  o f  
r e s o l u t i o n  i g n o r i n g  smear, t h e  v a l u e  of  g = 50' i s  a u s e f u l  
p o i n t  of d e p a r t u r e .  A t  t h i s  phase a n g l e  t h e  s i g n a l  t u  n o i s e  
( s / n )  i s  e s s e n t i a l l y  t h e  same f o r  a l l  s h u t t e r  s p e e d s .  F u t h e r -  
more t h e  s /n  i s  3 ( a b o u t  t h e  d e t e c t i o n  v a l u e )  f o r  a nominal  
one meter cone a t  46 km. For  h i g h e r  a l t i t u d e s  t h e  r e s o l u t i o n  
i s  d e c r e a s e d  p r o p o r t i o n a t e l y ;  f o r  example,  a t  a n  a l t i t u d e  of 500 km 
t h e  r e s o l u t i o n  i s  degraded  by a f a c t o r  o f  500 km d i v i d e d  by 46 km, 
i . e . ,  11. The v a l u e  of  s / n  i s  t a k e n  from F i g u r e  7 ( f rom Boeing Co. ) .  

t o  an  estimate of r e s o l u t i o n  by t h e  e q u a t i o n ;  
The v a l u e  o f  t h e  s i g n a l - t o - n o i s e  r a t i o  i s  c o n v e r t e d  

r e s o l u t i o n  = (1/3 3/n) -1 /2  (meters)  

T h i s  method o f  c a l c u l a t i o n  n e g l e c t s  smear and t h e  v a r i a t i o n  
i n  t h e  modu la t ion  t r a n s f e r  f u n c t i o n .  The va l i les  o f  r e s o l u t i o n  
are a p p r o p r i a t e  t o  a 46 km a l t i t u d e .  

The e f f e c t s  o f  smear a re  n e x t  examined. When s t a t ed  
i n  terms of  ground motion d u r i n g  e x p o s u r e ,  i t  i s  e a s y  t o  see 
t h a t  smear depends o n l y  on v e l o c i t y  and exposure  t i m e ,  when 
no image motion compensat ion i s  used .  A v e l o c i t y  t o  2 km/sec 
i s  used  f o r  t h e  smear estimated i n  t h i s  t a b l e . '  

* 

The e x p e c t e d  r e s o l u t i o n  w i t h o u t  smear ,  i s  compared 
t o  t h e  e x p e c t e d  smear. Some judgment 1s i n v o l v e d  i n  combining 
t h e s e .  An ar row i s  used  t o  i n d i c a t e  a t  what non-smear v a l u e  
t h e  r e s u l t a n t  smeared image i s  e x p e c t e d  t o  b e  optimum. T h i s  
d e f i n e s  t h e  a l t i t u d e  above which t h e  smear i s  t o l e r a b l e  for 
each s h u t t e r  speed .  

From t h e  p o i n t  o f  view o f  optimum photography,  t h e  
s h u t t e r  speeds can now be  s e l e c t e d  on t h e  b a s i s  o f  t h e  data 
t a b u l a t e d  i n  Tab le  2 . .  The s e l e c t e d  speeds  are shown i n  
T a b l e  3 .  

Pho to  Seauence Recommended bv P r o j e c t  

The number o f  photographs  t h a t  can be t a k e n  d u r i n g  f l y b y  
i s  l i m i t e d  t o  a maximum o f  9 by hardware c o n s t r a i n t s .  The camera 
l o o p e r  can h o l d  up t o  20  pho tographs .  E leven  pho tograph  l e n g t h s  
o f  l eade r  must b e  advanced t o  b r i n g  t h e  f i r s t  f i l m  i n t o  t h e  
camera.  A sequence  of  9 pho tographs  i s  recommended. 

* 
IMC canno t  be used  i n  f l y b y  because  t h e  a l t i t u d e  i s  t o o  

h i g h  (beyond 250 km). It i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h i s  method 
o f  d e t e r m i n i n g  smear i s  a l s o  u s e f u l  i n  o t h e r  c a s e s ,  e . g . ,  o b l i q u e  
photography t o  a p o i n t  g rea te r  t h a n  200 km away. 
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The Lunar O r b i t e r  P r o j e c t  O f f i c e  recommended t h a t  t h e  
l a s t  o f  these  be used  t o  photograph  t h e  E a r t h .  S i x  pho tographs  
a t  i n t e r v a l s  of 10" i n  phase  a n g l e  (go " ,  8 0 ° ,  T O 0 ,  6 0 ° ,  50" and 
40" )  were recommended by t h e  Lunar O r b i t e r  P r o j e c t  Off ice  w i t h  two 
a d d i t i o n a l  pho tographs  be ing  t a k e n  a t  T O 0  t o  e x e r c i s e  a i l  t h ree  
s h u t t e r  speeds a t  one phase  a n g l e .  It i s  n o t a b l e  that  pho tographs  
7 to 8 w i l l  nomina l ly  c o v e r  t h e  f u l l  l u n a r  d i s c  i n  t h e  modera te  
r e s o l u t i o n  frame. 

To o b t a i n  u s e f u l  f i l m  r e s p o n s e  on t h e  f i r s t  ( t e r m i n a t o r )  
pho tograph  a d e l a y  t o  2" past t h e  term!v?tor was s u g g e s t e d .  
Taking these  recommendations and apply ing ,  t h e  exposure  

o b t a i n e d .  
f jec i s ions  fjisc1-1.sspd ahoT"TF, the f n l l n w i n g  expns;rp x"ral;ps a r e  

Frame # Phase Annle Exposure Time 

1 8 8" 1 /25  s e c  

1 / 2 5  s e c  Qno 2 v u  

3 70" 1 /25  s e c  

4 70" 1 /50  s e c  

5 70" 1/100 sec  

6 60" 1/100 s e c  

7 50" 1/100 sec 

8 40" 1/100 s e c  

1 0  12/DDL/dmc 

At tachments  
T a b l e s  1-3 
F i g u r e s  1-7 
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TABLE 3 

At g = 50" 

For a n  a l t i t u d e :  
300 - 3 , 0 0 0  km, can  u s e  1/100 
3 , 0 0 0  - 6 , 0 0 0  km,  can  use 1/50 o r  1/100 
6,000 - up,  can u s e  1 / 2 5 ,  1/50 o r  1/100 

( B i t  1/1OO's p r e f e r r e d  because  d e n s i t y  f o r  1/100 D = .6 wh 

Recommend f o r  g = 5 0 ° ,  or l e s s ,  u s e  1/100 s e e  for a l l  
a l t i t u d e s .  

7 1  .-.\ fop  1 /50  D = I, I, and fop 1/25, D = i. / ) . reas  

For  g = 60" and 65" 

For a n  a l t i t u d e :  
300  - 3 , 0 0 0  k m ,  can use  1/100 
3,000 - 6 , 0 0 0  km, can use 1 /50  o r  1/100 
6 , 0 0 0  km and up,  u se  1/25,  1 /50 ,  o r  1/100 

(But 1 / 2 5  or 1/50 p r e f e r r e d  due to s i g n a l / n o i s e )  
Recommend 1/50 a t  60° and 1 /25  a t  65" .  

Recornmend t h e  camera s h u t t e r  s h o u l d  be  e x e r c i s e d  a t  
a l l  s h u t t e r  speeds, i . e . ,  1/25,  1 /50 ,  and 1/100. 

I f  g > 7 0 ° ,  b u t  below 80" 

Recommend u s e  o f  1 /50  for a l t i t u d e s  below 3,000 Km. 
Use of 1 / 2 5  f o r  a l t i t u d e s  above 3 , 0 0 0  Km. 

For g = 80" o r  above 

Fog o c c u r s  f o r  g = 80" or above w i t h  1/50 s e c  as w e l l  

Recommend, f o r  g = 80" or above,  u s e  1/25 s e c .  
as w i t h  1/100 s e c .  
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FIGURE 5 - SOLAR POWER LIMIT ON SUN ANGLE 
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